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$r X ^ > ^ Jnif s ±g S:#tr ; t Sr^lS k T 5 

[000 1] , 
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■ * feS L «f fc ^J: V ^HISS t b T li , . -> 
-b-vd^rv^^;. K'J v'^'n C5. 2.1, OD t->;v 

co o 3 1 1 ±fe{i:^^ (2) ■vm^ii^momLm&. 
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S xm^mmW L . ttre L /c > X ^ 7 5 y ifiSfi^ ^ 
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%) {;"» L :i ^, ^#feA^a!{t L/j:*^ e> 5 8?Pb1T'^ 
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2 6. 0 00, 2!c¥^5J-^l:i65 20.0 0 0 -C^ ^ fc. 
.C0074] ±IB(DJ:7»w^5feL/c.-}^y T- (4 a) 

* (15) X'SKt 5 -7^' K y^jg^*1-^S^* (4 

■;.b)' ^ ^'^ 

' CO 0 75]. , , , 

7] / '.'r\- "-: 




CO 0 7 6] ±fc0J:pir-^fi£L/;3jJ'J ■7- (4 b) 

(4 c) ^»/io »e>n;fc.if'; v-o?^i£i±, 
©^;^}**^?.{t^^ (1 6) 

co o 7 7] - '.V 

mi 8] . 




c-f- 



Co 0 7 1 ] (^fiX«!5) fi^«c (4 c) ■ 
■^^^j4T'?f>h^ y-?- (3 a); 4. P g^THF4 0 
ml izmmu RJCSIfli&^Ji: Lt2. 2',-T-/t';^ • 

(-f v:/^a- > u;w) 0. \ 8 s ^ijaTL. 7 0 x:-^m 

v5 o.om 1 izmm^mi^X'^^') -7-^^^^^. zn. 
^^i^Lx<t¥A (1 4) xm-rm-tii^ U a) : 

tzo : - ■ . . .-, ■ 



■' . ■ ■ y OM ■ . ' ■ ■ 

C O 0 7 8] ft P>nfc5}?'; ^- (4 c ) I 0 0 fiMSP^r 

1 / h^;> - 2 - 7° D /N' / - ;u 1 0 0 0 Mftgp iz mm 

L.? JLSO. ,2 j/ii)©7 -( ;l'^'T'j!8iiLfCo -^rn^.i"; 
3yS«'±C|5llKm*LV 1 0 0XX2ii^Ni^-^V,X^ 
nm^ntzo {2 O Onm) >f K 7X-9'^1'T>^ 

x-^A t Ko + -> K;*ig?K (iigO, 3 9 7Mft%) (i 
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m'&Ltz t r i 9 3niB(D«t*«*v M» 1 . 0 x/m 



:io oj^i (i^i^Qyim^i^ (5 c) ©^fiic 

i:e-J^W l T*^fc^y V- (1 a) 3.: Q sh. ^iSM A 
X'ff ■tv' -7 - ( 3 a ) 3 . 1 g T H F 5 0m 1 \zm 
«?U K^mmii;, LT 2 / •2'.;-T V'l^X {.^V-Tf 

. D - K 'J ;u) 0. 2 9;g ' 7 0 tX-toftSa^^ 

T v 6 B#rBm^=&fT-, fc„ n - -N^-y- > 5 0 0 

mv-^m^^^ ^ 'J -7 - $r w tti $ -tt", ' n ^ l 

[0 0 8 0] ,.: ■ ; ; ^-./V/' : 



*5 4 . - 9 0 0 : ^^^^ fmt^ 3 . 8 OO T-feo fc„ / 
[ 0 0 8 2 ] ;±le0 i; -5 tr ■g-fiS L v - ( 5 a ) 

is: ci 8) d >^^tr*:-r 5|t^j* cs 

[0 0 8 3] ■ ■:.'„; . ' : . -'.r [:'--^''^ '' l. 





to 0 8 1 1 x-^-> g-y no7 f i/^ 7 -f - 



[ 0 0 8 4 ] ±IE© .i: 7 L tz .i? 'J v - ( 5 b ) 

^ -^f*: ( 5 c ) ^mz o # e. n /= -j t - ©Mig (i . a V.. 
©^^^jfeA->e>{l:¥^ (1 9) cD^jS*5^T3b*r 

X00853 ^: .. :/ - • 




• [0 p 8 6J n'bHtzii'^ ') (5 c) 10 OMSl^^ 
1 -<>< > ^v/- 2-^ -^D-;^/-''H 0 0 OXfigukjg*?; 
L. ik,SO. 2 «id(:D7 -f /I'if' Tiiii LTto -tn^v- V 
3y»tg_htri]te^;(UL,, 1 0 0TCT'25i-rBT'<-:7 LT 

^»K5:»/io a^fe^ (3 0 Onm) =&T:,h 9v< f->'W7 
^i-^At Kn + i' K*Jg?^ (iSeO: 11 3fi»%) C 
gC/ci: r>v ¥PfeA^^ft L^JtA'e. 1 5g>rBlT^tt, ; 

^1^*5 0 (Z <c ±fg?gfl£^7 •y'fl: <) ^ -^.ASSitz 

t i: £ 5 , . 1 'g 3 nB©»^teg*5^it i . o ./t/ oiT 0 . 

[0 0 8 7] (^fiE«ilJ7) * (6 a) ©^fiS 
/3 - 3 u:^^ y-/U5. P.g. hf 'J v> 1 : .2 g H 
7 k K n 7 -7 >. 2 0 O m UZ L v d hiZ 7 ^ 'J . 
>> K 1 , 3 g^rr t KD77 i'3 Om I 
- L 0 1: TMT b Tto iST*. 5. (3 ^ETSfB^ 

:: «)®fStcfi^gE.x5^.yu 1 5 0 ml ^-Jnx, .^k I'O.O 



t.Sl^^B=&fTV\ 'fb^i{:. (2 0) Tg^r efe©<t^fe 
.. (6 a.) ?:»'fc<, :; V-,- ';: ^'^V ; ; . ; 

. [0 0 8 8] ■ 




1 0 0 8 9 ] v;(tfiX«*'J 8). (7 c) 
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-^^fjij 1 -C^fc^V v-- ( 1 a) 3. 6 et. /^^mT 
T'fffc^ y -7- (6 a) i . 7 g$rTHF5 Om 1 CJg l 

a y M 0 . 2 g ^Jn A, 7 0 'CieJnJfeMjii tt;,' ' 

e^Poimi&^^fTofco MiS-^, ,n-'>s+-ff >5 0 Om 1 
(2 1.) CV a) ^»fc„ ; - 




to 0 9 n ^;i'/'^-5 i-->3 D-7 h (f =7-J k - 

3. 0 0 0, »¥i4»f^4: 2 . 500 1 2fe 
;■: CO 0 9 21 ±12(7) Jt^ tt;^fi£Lfcrf^ 'J^^- (7 a) 

(2 2-) T'g^f (5-7;? >;>Slig^#t'S*^#: (7 

[0 0 9 33 • ..; ■\' ^. -V- . - 

, (22) ; - Hc^ic^c.,.™^ ; ; • ; 

. - ■ - . --' , '-■ TP ' ■ h'' 




.. .CO 0 9 4] ±ifi<DJ;-?i(i'ii-fi£ttc-+°'; -7- (7 b) 

(7 c), =&#/co>.e.nte4?y 

: ©5^*frfe*^?.<k^* (2 3) l?g^t«iS*'if*'5 - i:^' • 
; C0095] ■ 




[0 0 9 63 #e>iT.fe7t?'Jy7- (7 c) 1 0 OfiSg|5=Sr 

1 -•/oA/-;U 1 0 OOSigPtw^^pp 

3>S^i:tI5]^^^fe t, 1 0 0'CT2^J-rBl'<-^ LT 
»IR=S:»fco (3 0 Onm) ^rr h-^ 5^;UT 

n-^At Ko + v K7k^^ (m&O. 1 1 3*4%) t'- 

|g« * L III © M ;^ ^' K yi' B , ^CSSf ^5^*^ 

0 mT 0 . - 2 5 X$>0. ^^A^'h $ ;i i: i^ioti^ ^ , : 

^ 1 0 0 9 73 i^^moy d - 1 Ya^i/^ir/l'i^ym^ 
W-r5<£»^'fl:-&t» (8 a) :©^fiE - 
T > K D X X a > 5 . 0 0 g 5rg^K 1 0 0 rri 1 tzmm 

^c: CiiK{k7>c«v!K5 Om 1 SrftA-, 5 0t:T'»:B# 
fSi^WLtzo S^S^, J§JR?ri*ft@*LT«e. Lv 0. 

1 N *SS{I: h 'J A7Ki§)^ 5 0 m 1 1 X h ^ t K n 7 

7 :> 5 m 1 ^m^: 4mmmmm.m.Lfz. -^Mz^mA 

;HKj1 5 0mi S:]!n7.Ttta3=fe2@m^; #?)nfc*«t 
. Ji«r 1 O Om 1 ®*T2ia?*jf Lfco i5fe?^^, 

: TSferoft^fe (8 a) ^4 gntzo n^titzit-^Uso 
®^*fffi*^e>ifffS<tf;^ (7) H3^L7t« 

. [0 0 9 8] »CH, ±t2^^Lfc^b^ife»%fflVVit^Jg#j 

[0 0 9 93 (llJg^Jl) -^^«'J2T'^J5SLfcjt^^t: ■ 
. (2 c - 1 ) 1 0 OfiftSP, K^^^J h 7 X ^;^;^;^ 
* - V7 A h 'J 7 - h 1 mftas, 2 > f ') V y 
0.01 M»SP=& 1 - h + -> - 2 - ro / 1 0 

0 oMAmz^m u ?LSo. 2 //Di®7 yp^mmy -f . 
. .■.;i'i'Srfflv^TfflJiL3t.,. ' ■ ; y^ 
: [0 1 0 03 'vdir>yf^;vvv7-9'vT^ilLfc->'J3 

... : >^m±\z. ±m<bu-:^^ \~mm^m^m^i. i o o 

'C-C2^>PB^'^-i7 LX> KJPO. 3,>:/in©Uv<^ h^«r 
.; fi^^T-SiJ5Sl>fei:c: 5, iSfi l 9 3niB-C©itig$« 7 0 
■. [0 1 0 1 ] A r Fxi^->v.^-■^f.Xxy/^^--$rfflV^ 



. % hm©K*&35 w v^. 1 0 0 ■CT2 »r^«7>g*^K 7 >; F ;?.>^-^ /%• 5^ & kfc, c: ©BS, /n* ^' 
: /o*^i^ K7kgjt (0. 1 1.3aa:%). Ui^X h tO 1 0 9] Se.t3±tS© U-:^;^ hK(3-oV^T> IIJS«*tj 

; la I ft t z ^ , m^^m^^ii ? ^-r^mm l ^ - ; i ©^#t*x ^ ^ ^**ff ^ /c; ©«r*," © vt^ x 

/■■3St|Ji; -^r© 2^©B#P^© 1 4g>PB^fTV\ kv^■r-,- 3 0 T . h ©x > b- h (j, mBS© /7t?-7 f ^' Wflg©^^ 
. ' MbII^tKT-'J v;^ b/to . ©x -;/ f->i'- U- h $r i ; 0 L^^^ 

■ [0 1.0 2 ] -^(om^. 1. 0 m J /. c rn2Tv * A'ffl© *)0 > K ^-f x •> f VyB^T&^jisvv:: i: AJt3i6-^/c. ; ; 

tc^^9 y o)-o\^tz&^i^ c ) ^10 O MSP, K^^SIIN- h 'j y ^W/J- o^ y 

C 0 i.:0 31 $ fc. ftl3imBE 5 b k V©«-f SSSS^B . . 1 0 »»SP=& t -t h Vr 3 -yu 1 0 0;0 MA^Km 

■ vu-ifS*,i:H r 8I*«7 u e/ ; ^ Co l l 1 j mmm i:tmmt:iJ'^^-^A'^A<i>i^7'^ 

cm2-e, *A-M©0. V2 vw7^ >TV Kxr^-T^iy^' - >^ ±f2©V-::^i^ hjg«=& 

. CO 1 04] %tz. ZOiVVT^ K«§?gti, g& (2 3 .. - ^K^f^^^^-^t^fe^H-CjBj^Lfc i: :: 5v 1. 93nni® 

;.. ff$^tt?!)'<kv^C CO 1 1 2] ms^ji t|slfl|ir&ffl->7 h 

CO 1 0 5] ilB©!^-:^?^ Vm^^-o\>X. CHY zii X TAr F x:^->Vw--tf Xt^ -y A--T'S?t U -^©^1 

Srffl y ^ X ^tT¥^a©Sii5tt :t X y > i^'gl C <fc 0 0 "C T 2 »faW*^«- ^ 5:?T o . 2 3 X) © x. h 7 , 

0> x.'>^>;^«rfTofco dHFsffifiS 5scc / y f-yUT Vt^^'^ Kn*-> K^dcigjSf (0. 3 9 7|l 

; :^*xffiVOmTorr,rRF/Y^7::^/W- 1 5 OW^:/ it%) II UJ^v^ h t fci: ;i 5, K©*S^S5«i 

ffl 7t „ ©iS*. C © V V X K © X -y i^U-h ii^ m - 7 S-T'^^ L it o C TS^fi. © 2 ^ ©^PbI © 1 4 

M<D/':ii=7 y i^mm^ 1, Oi; LfcW^fC, 1. 2Tab ^ ^P^rnvv j^V^T. 3 0 isPrelKfi^T- !; yX Ltzo tO)^ 

/ .K7W" x-yf>^'*Wtt*^^^ Ift, 1 0 m J / c mZ'C, * **.S© 0:1 2 /[/m^-f ^7 

; CO 10 ei immmzy^^mm i^fflvvfc«^ft (2, . v KX'<-;i^><f yim^n^6 -:^ff>m: ^^i' v©s^js 

c-- 1 X ©ftt)0CV^SKfi^3T^fi£UfcJ|^# • : ■ 

^2) %1 pO«*l». K^^^hV 7xx;u:x;p*x Co 1 1 3] - (l|J6^J4) HJSfiaj 1 TffiV^/cM^i*: (2 

J ^i-t; AO/ P D'^:^^^•:y v 1 0 0 OMS : c.) 1 0 oaA^S, »^$^?Jv?p< f^^U? xX71/X;i,;h 

SPt'^^U ?LSO. 2//Bi©7.y ««fli7^ ;U:?=&ffl^ . \ h Sfifigp, -e-^KMS -C-^fiS L.Ttft^ 

. V^-CML/co : ■ • ■ .. : tl (8a) 1 0114^355: 1 -y K+->- 2 -^dvn"/ --. 

CO 10 7] HJg^J 1 tl^filt, >**Xf-7Ui;->9f ,.\ yl- 1 0 0 QSiaJfe^^L, ?LSO.; 2 «n)©.7 -y^^ 
. >T-4flriiLfci/y 3>3SS^tv ±I2©^V ■i,jsy-f/^^ 

: •^^'^^^%±M.$^x_m'^Ltzhz.^. . \ 9 3niii7? ■ mmmMb. i oor-e2f>ra'^--f lt, ik*o. 3 
10 i 0 81 musmi tmmtzk^Yy i- ^^^^jSi: . m^'^^^^^^ifTm^Lr^tz^. 1 9 3m^^ 

TA r Fx#^vT U--tfX7^-y/^^ 

0 0'CX-2^rBm5t&'<--^'-S:fT-pJto 2 SlGWx h 7 CO.l 1 5 ] IIJEM 1 til^t^ffiffiv/? h u 
y f-^uyiV^x-^A t K.,nd(ri' K;!jc®?g[ (0." 1 1 3M yXAr Fx4^ U.--»f -y /^-"C^* -?:©^1 

; cy.v;^ hig^»atufci:.i5. iigcD^s^astt ... epic •^2#raK*^><-^'. 5:^:5 >^ 2 srw^ > 7 

1 s^Tmm.irzo zxmmi\^<D 2{^0mr^i(D 3\ ^^^^^ Ka4^->Ki?^^fSt (o. i i 3fi 

vie*, 5mJXcrn2t% Va'S©0: ,1 2 //m^'f V 1 8g>TS/» Lfco T'Slili/-?:© 2^©Btl'Bl© 3 
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OmJ /'cmZ-C*A*McDG. 1 2 um=7-< yry 

Co 116]-' mmmb) nmm\ T'fflv%fcs^#: (2 

c -.1 ) (Di^fy K> (3. 8 T-^^ L (7 

, c) ^ 1 0 OSlgp, m^^m h 'J 7 X c^^w:;^;!/*- 
A h 'j 7 1^ - 1^ 3 1:4:^, 2 -« > i> f y i? > 0 , 0 

' l Afi^K^ 1 ->! h^>'-2T^7^o/v--;i' 1 0 0 oa 

^ CO i I 'lrmmmi '^+•t^p<^;^i^v7if ; 

; iHi^^^u 10 otT2 5>rBi^-^' LTK*o; 3 u 

^r, »/l-^«5^**SI+t'i|iJ^Lfei-C^. 1 9 3nni® 

CO 1 1 8] 5156^11 i:I^fi|li&itS->7 K.-7x^'^ai: 
TA r Fx4^->^ l'--!f;^r f A-T*S3¥;L. ^©ft 1 
. 0 0 r X' 2 ^^r^W*^--?- ^' Srfr -d. feo 2 3 r ® 7^ h 7 
.y^;VX>^::^'>/>;t Ft7:^i/ KtKS)*^ (0. 1 1 3fi 

1 7#T^»L/i„ ■^;:T-l,^{i;^®2j^(7)B#F40 3 

, 4#rBTOv\ ^v^T3 og^ram^T"; y :^ ^^. 

. S; 5mJ /'cm2X% \ 2 uti'^^ >y> 

■■ ■■ CO 1 191 $ 5>lwJ;E© ^ vX ^K^w-^V^tV C HF- 

: 3 Ssccm, *'7.BE 1 OmTorr, RF /"^-^ YT./^'y - 1 5 
, ; ;. 0 W^rffl V->/co ©i^S:, r ® U 7.>,© i ^ U - > 

{±. miR©y -> ^«ffj|g5r 1 ; 0 i . 

■ ft. ' ,•' ■' ' ■ .•■ 

CO 120] x^mme) muz^j^^ouos (^m- 

: JiV^T 1 1 lists, 1 2 e 7 -< --rt' KSIftlK. 1 3 fi 7 

- -X=i>5'^'h, 1 4fi K b>f 1 SB^- 
' JgfavU nv, 1 6tty-7,i:ffi, 1 7(i K H'>m 

ffi, 1 8(iy- hSffi, 1 9(iSSIKT'^),^„ 1^ h 7> 

: "•>• ;^ tt, h iffi 1 8 tz wmti w.m izj: 0,7- 

CO 1 2 1 ] ::©J;-p/j:«jg$:f^^Ig(i+3K:XSA-t,. 

- ' 3-o(r^';u-7':^(-fr>.r r::X, 

<D7 <-ji^ mimmss.i^z'0)j:m (122) m*, ^^t 
'J 3 y l^±T* u -7 z h 5- -y =& j^fiicr -5 xg#-& in 



CO 1 2 2] i:r^©:^jSfciO, gI2 (a) ©^tpS 

"J 3 y H7 x/^2 1 JiC 5 0niD©»'ftK2 2 «:J^flS t, 
^© ±{3 r 7 X V C V D C J: 0 2 0 0 nm©^Vt -> V 3 y 
. 1^2 3^r#^U SStt^c 
, CO 1 2 3] i©Sffi«rl|JE«^ i »3^Lfcttif4,. miz 
: J: 0 0. 5 b uvi'y ^ XDVi^T. h/^^y 2 4a)m^^ 
(02 (b) )\ 3©Ui'X>>'^^'y2 4«:7Xi' 
: ■ 1 1 T , i^*D©Sr?5&T-a'fb V ti y M 2 3 * X -y 5^ y i/ 

Lfc^ 2 ( c ) ) , © u-7 X 1: 2 4 inif^T-f 
tt, 7:^l>'^;^ Ky>'^©fc«!)©*'>^©'f ?tyfi' 

/ *.ii*SrfT7.' U-i'X h 2 4=SrflJ«l« (02 (d) ) , 

^^iimtz 1 : 2 ani©7 < Kgs{bM2 5 ^J^fig . 

(02 (e) ) o . ■ ' ■.. : 

CO 1 2 4] zo)^. i^js\(D^miz'i!i-i,xy-^hmMii. 

y -r'- h ^^<t L, #i^B%» ') 3 y 2 6 ©^SfiSr 
: (02 (f ) ) o HJI^^J 1 tzg^Lfc/N- 

^'yj^jSfei^^tfflv^.T,. b. 15tfln7'f7©U-7XK 
/^^' y 2 7©j^fi£^tT-5 (0 2 (6) ) i© u-7;^ h 
. y^^' y 2 7 ^vxi? i- bx, <i>isi0ijmx'^^^B:y v 

y 2 6 ©X -v^ y i/^tf l>, y'-> 2 8 ^J^.fiSI" S .(0 

■^■^ 2' .(h)") o-'- " V. . .-■-l';' . 

• CO 1 2 5] ©X@«03^$:«BST-5A^...y-x,.. 

K U -Y y©^v^g^'fbfe$rx•y^yi?' C, ov^X-^i^B^B-> 
; 'lijyy-h ir y-;^, K v<f yc t^^JSicL, ^ife 
■ -ft-y >) 3 vy- h ii v-x, F y«is.cg6{b^^j^ 

y- K, ^-JX, K U'f.y'<®7;i'5 x7AE 
B®;'c«)©3y^'i? h ^r^d L, 7;v 5 x 7/^^*i:/N' 
^-xyi^^&evs, $?.t»»K?rJ^fig.U ^tyf-'^ y^'* 

. /j:MOSfflK^yv;^>A^?^^.$n*. ; 
' CO 1 2 6] :l iXMiM0Sl^K^y 77.^'^r•^v^x, 

^ic:i^^rPg?>^cv^©^±l■•5^X't;^i< , flfe©^!^^^*^- 
• ©Sit:^*, xgfzji^-et^o 
CO 1 2 7] <nmm7> :^^moynmmi -i)^^5iz^s 
Lit/^°^' yj^fi)c;^ffi^<« o x^2!^«cy * v %f^s l 

/Co 03(i^^SS©£'iXS=&S^-r»rB0Xfe;5o 0. 
■ 3 (a) (3a^-rj:-5(r, Pk©S i ^3(^1:3 i ^g^tr 

^©«MtIl^^©^^^>ila^R?:fflV^X«^F^^^ 

mmsz^mnit^o mz.(im^ i 5 omco^m 

feS i i:ff$2 0 Oniii©S i 02$:«ffLit«ig©7- ' 
: KI83 3 5:mU S 5>C^b^§lffl^ftffi5rffiV;X^];?: 
ljr5 0nin©S i Oz^lfeSL, ft:«r«»irftlXLX7-: 
. K«l©ffle(ZS i 02®-9-^ K;^'^--9- 3 4 

So ii*:trii^©:^j£Xn&icg3 s'^^fiJctSo . 
' Co 1 2 8] !?je03 (b) {r5^-ri-7C, ii«©xe 
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S3 ( C ) iZ^t J; ? t , a« W,Xg=&ST #fefa 
S i !6»c. <i: *1l««|g 3 8 =S:Jgjact T a j, ; 

O5, S i 3N4, S i Qz, B S T, P Z T,. 

jfK 3 9 ^msnt 5 „ f I t ^m^B s i . ^st.*^^ , 

0 3 (d) H5?-rJ:9(', iii'^0XS^STffii^4 1 ^ 
IS^rST 'J Xf^kff^L tzo ' • ,- . 

[b.i 2 9 J nc^foN i w-eii; f^^fi?)'^jS^ 

mm Ltzi)<. zMxmt^nomi&xu^m^tco ^ 

.*V VX){^ y^i^lSL-t ^(r>if^'^n^fs.TM 

?L)^)5EXg-^ V ./'f >^ ft ^ii* V ;x ^' 

ro 13 0] -tk\Z, 'J y^^5 7 ^ T-|g^Lf;>'^5' y H-D 

■f^«&5'&:/<^ ygBSr^^fo 4 2 ;65 7- KiS, 4 3#x 
-d'lg, 4 4*5 7 i5'x V 4 5*'1l«imS, 4 6 

3Z f3^ L;t 4 6 0S@|K 0 th LJlf^^iii.f^0t'<XlZ 
XgX-ti*^B)5^fflvVfc„ 

[0 13 1] *^l^$:fflV^XfPStfc*^l±v t^JS^^r 



CO 1 3 2] V ■ -i:::. - ■' ' 

CSI W0S*ft] J:Htf , A. r F x* -> ^ I'- 

©JE^fi 1 9 3nm^-&trit'5^^^t«ttET'iSW. A^-^ K v if 

* ')m.mmx'9iim/^f'yi)mmti>^tf£< a^x-t, . 

.CHiS®ffi^<tiKW];:/:V 



il -mrn. 1 2—:7 KlS^klig, 1 3--'V-;^ 3- 
V^'^'f. 1 4 - K y-f >ri>^^' h, 1 5 •■■^i^^Bi' 
M 1 6 - -y-xm®, 1 T-KU-f i^-Uffi, 1 8 

. —yr. > mSv'i 9 -^sriSv 2'2 -mtm. 2 4 - u 

h /Vi^ y:, 2 5"-7 -( ->l' KK<i:K, 2 6---#rtefB 

■> U n yM, 2 7-b->'7. hV^^'-ys 2 
^ >f- K,' 3 1 • ■PSS 3 2 -*^^ 

3 3 ••■7^ KM, 3 4 "-y:^ KX--?— It, 3 5 . 
•••!nfeft®, 3 6 -"r-^^li;. 3 8 --!t®€^, 3.9•■■ 
)^ + /N-i/ 9 ffllteiSK, 4 0 b- hilffi, 4 1— E 
4 2--7- KSI,- ^4 3- ■x-^'M, 4 4-7.f .r -f 
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(54) RADIATION SENSITIVE COMPOSITION AND PATTERN FORMING METHOD 

■ (57)Abstract: ■\ - i/'-' '■ ■ ■ -/ ' • 
PROBLEM TO BE SOLVED: To provide a negative type ; 
radiation sensitive composition having such a chemical 
structure as to ensure transparency in the far ultraviolet 
light region and high dry etching resistance and capable / 
of forming a minute pattern by development with an 
aqueous alkali developing solution without causing fci^SCC )) 

swelling. ''^ ' - ; ' , ^ '.' ' ■ / 

SOLUTION: Thh radiation sensitive composition contains 
a polymer having repeating units of formula 1 (where R1 
and R2 are each H or methyl; (x) and (y) are each an 
arbitrary number satisfying x+y^J, 0<x<1 and 0<y<1; and 
the weight average molecular weight of the polymer is 
1,000-500.000) and an acid forming agent. ; : ^; 
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CLAIMS 



[C'laim(s)] 

[Claim 1] The admiration radiation constituent chairacterized by containing the polymer which has 
the repeat unit shown with a chemical formula (1) at least, and an apid generator. • 
' [Fprnriula 1]^ "V-^ " - -"• ' 




However, in the above-mentioned cherhical formula (1), R1 arid R2 are a hydrogen atorh or a : 
methyl group, X and y are arbitrary numbers which fill x+y=1, 0< x<=1, and 0<=y<1, respectively, 
and weight average molecular weight of a polymer is set to 1,000-500,000. 
[Claim 2] The admiration radiation constituent characterized by the abpye-mentioned polymer 
being a; polymer shown with a chemical formula (2) in an admiration radiation constituent 
according to claim 1. V \ 

[Formula 2] -: ^ ^ . • . ■•■w;,/'' .^:;^^ -V ' 

it^^xz) . • r\ \ r - : - • v- 




o 
\ 



However, in the above-mentioned chemical formula (2), R1, R2, and R3 are alicycle group ; 
structures without a hydrogen atom or a . methyl group, and the unsaturated bond that conjugated, 
R4 at least, x, and y and z are arbitrary humbeirs which fill x+y+z=1, p< x<=1, b<=y<1, and 0< z<1. 
respectively, and weight average molecular weight of a polymer is set to 1,000-500,000. 
[Claim 3] an admiration radiation constituent according to claim 1 or 2 — setting ~ the above- 
mentioned polymier receiving — the above-mentioned acid generator ~ **** for 50 weight 
sections from the 0,1 weight section the admiratibn radiation constituent characterized by 
.things^. . ' ' : ■ 

^.[Claim 4] a predetermined substrate top — either of the claims 1-3 ~ the pattern-formation 
method characterized by the bird clapper from the process which exposes the above-mentioned 
:paint film to the developer which consists of alkali solution after heating of the process which ■ 
forms the paint film which consists of an admiration radiation- constituent of a publication, the . 
process which irradiate activity radiation in the shap^ of a predeterrTiined pattern at the 



aforementioned paint film, the process which heat a substrate after irradiation of the 
. aforementioned activity radiation, and the aforementioned substrate, and renipves the npn-^ :; 
. V irradiated/section of activity radiation v / v ; . V ^^V^^^ ; 

: [Claim 5] The pattern formation method characterized by using faHujtravlolet light with a 

wavelength of 250nm or less for the above-mentioned activity radiation in the pattern formation 
method according to claim 4. 

[Claim 6] The pattern formation methoci characterized by using ArF excimer laser light for the 
: above-mentioned activity radiation in the pattern formation method according to claim 4 or 5. 
[Claim 7] The pattern formation method characterized by being the ArF excimer laser light to 
which the activity chemiceir rays of the above-mentioned predetermined pattern minded the 
phase shift mask in the pattern formation method of a publication of the claims 4-6. 
. [Claim 8] The pattern formation method characterized by being the solution to which the above- 
mentioned developer contains tetramethylammoriium hydroxide in either of the claims 4-7 in the 
pattern formation method of a publication. 

[Claim 9] The manufacture method of the semiconductor device characterized by including the 
process which forms a resist pattern on a semiconductor substrate, and the etching processing 
process [ substrate / semiconductor / above-mentioned ] based on the above-mentioned resist 
; pattern by the pattern formation method of a publication in either of the claims 4-8. 
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damages caused by the use of this translation. ■ 

1. This document has been translated by computer. So the translation may not reflect this original precisely. 

2. **** shows the word which can not be translated. v : . . ■ \ 
S.In the drawings, any words are not translated. • ; ' 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] : : ; . ■ • . ' ; 

[0001] ■ ' ; ■•: : ■■ .. .-r.-:".-; ;'-.. ; ^ : v- 

[The technical field to which invention belongs] this invention relates to the manufacture methods, such as a semiconductor device 
including the micro lithography process using the photosensitive constituent and it which are used for the ultra-fine processing 
technology in manufacture processes, such as a semiconductor device, and this micro lithography process, further — detailed ~ 
present — it is related with the admiration radiation constituent of the nega^ve mold more suitable than the high-pressure mercury 
lamp which is the ultraviolet light source of business, a KrF excimer laser, etc. for the optical lithography process using far^ultra violet 
light with a wavelength [, such as ArF excimer laser light which is the line source of short wavelength. ] of 250nm or less, the method of 
a pattern formation method, and the manufacture method of a semiconductor device 

; [0002] \- ^, ; ■'■ •■ 

[Description of the Prior Art] The photolithography technology which makes the detailed pattern of a rnicron or a submicron unit in 
electronic instruments, such as a semiconductor, has borne the nucleus of rriass-productiori ultra-fine processing technology. The 
demand of high integration of the latest semiconductor device and densification brought many progress to ultra-fine processing v .:, 
technology. In connection with especially the minimum processing sjze approaching exposure wavelength, the photolithography 
technology using the light source of short wavelength has been developed more with the KrF exciirner laser (248nm) from g line (436hm) 
of a high-pressure mercury lamp, and i line (365nm). According to change of these exposure wavelength, the material corresponding to 
each wavelength also in the photoresist has been developed. 

[0003] Conventionally, in the photoresist suitable for such wavelength, respectively, although a sensitization agent differs from a 
photosensitive mechanism, the aquosity ajkali development using the resin with which all haye a phenolic hydroxy I group, or the 
aquosity alkali fusibility of polymeric materials is used industrially. These resins or polymeric materials was also the chemical structure 
element with which this raises the etching resistance in the dry etching process after resist pattern formation inevitably, including a 
ring mostly. ' . ' 

[0004] In recent years, the expectation for the photolithography which used the ArF excimer laser (1 93nm) for the light source is large 
towards processing of the field where the minimum processing size is. still smaller than 0.25 microns. However, as for this wavelength, it 
was difficult to be limited very much to a front face and for the range which can form an exposure latent image to form [ of a : , 
photoresist film ] a detailed resist pattern by aquosity alkali development in the absorption maximum by the ring, with the photoresist 
material which makes a principal component ring structure used industrially conventionally. ■ : : 

[0005] Although PMMA (polymethyl methacrylate) etc. is known for the wavelength of 193nm of the above-mentioned ArF excimer 
laser as polymeric materials for resists with high permeability, this cannot apply advantageous aquosity alkali development industrially. . 
Moreover, ajso in dry etching resistance or sensitivity, it is far separated from practicality. 

[0006] On the other hand, various resist material also with high dry etching resistance is proposed highly [ permeability ] in this 
wavelength field It replaces with a ring as the chemical structure which is transparent in the far-ultraviolet light field containing the 
wavelength of 1 93nm of an ArF excimer laser, and can give dry etching resistance to resist material, and use of an adamantahe 
skeleton is indicated by JP,4-39665,A and JP,5-26521 2.A, and usie of a norbomane skeleton is similarly indicated by JP,5-80515.A and 
JP,5-257284,A. - . \ /• "... , -''y ■ 

[0007] Moreover, in addition to such structures, it is indicated by JP,7-28237,A and JP,8-259626,A that general aiicycle group 
structure, such as a tricycio deca nil machine, is effective. Moreover, it is said that it is transparent in the far-ultraviolet light field in 
which the compound which has terpenoid skeletons, such as a menthyl machine, contains the wavelength of 193nm in JR,8-82925,A, 
and dry etching resistance can be given to resist material. 

[0008] For the sanrie purpose, it is shown in the constituent using the macromolecule matrix which is not necessarily high as for dry 
etching resistance at JP,8-^i5865,A that dry etching resistance can be raised by mixing a substitution androstane compound. 
[0009] By the macromolecule which had the transparent chemical structure in the far-ultraviolet light field containing the wavelength of 
'193nm of an ArF excimer laser, about the resist material which enabled aquosity alkali development, to use the carboxylic-acid 
structure of an acrylic acid or a methacrylic acid is tried as indicated by JP,4-39665.A, JP.4-184345,A, JP,4-226461,A, JP,5-80515.A. 
etc/In these, the aquosity alkali fusibility of the portion which dissolves in a developer in aquosity alkali development is depended on 
the carboxylic^acid structure of an acrylic acid or a methacrylic acid. 

[0010] Moreover, the high molecular compound which gave the carboxylic-acid machine to the aiicycle group structure introduced into 
the methacrylic-ester side chain is indicated by JP.8-259626,A. Each of these is enabling aqupsity alkali development using the \ - 

: carboxylic-acid structure in the side-chain section of vinyl polymerization nature polymers, such as an acrylic sicid or a methacrylic . ; 

.ester/-;,"': ■'■ • .. ':/"f - ■." 

[001 1] Hovyever, vyith such carboxylic-acid structures, pKa=4.8 (acetic acid) and a value are low to being pKa=1 0.0 (phenol) with the 
phenol structure where it has been conventionally used as an alkali fusibility machine, and acidity is high. Therefore, when using them 
as an alkali fusibility machine of a base resin, generally with the same mole fraction, the resin with which the direction of the resin ; > ; 
which has carboxylic-acid structure has carboxylic-acid structure also in the low-cpncentratipn alkali developer into which the resin 

. which the dissolution rate in the inside of aquosity alkali is large.. and has phenol structure does not melt dissolves. ; ; . . v"- , ' 



[0012] If a cross linking agent which is looked at by JH,bZ-lt)4U45,A was used when the resin wnicn nas xne aoove camoxynu acias ps 
used, isince a carboxylic acid with high acidity remained into the portion which constructed the bridge, there .was a problem that an ' ; ' 
alkali developer permeates there, and swelled and definition ability detenorated; Moreover, when that iii which, a compound with , 
dissolution inhibitory action is formed with the acid generated in exposure was used so that JP,4-165359,A might see, by the resin 
which has a carboxylic acid, the contrast of the dissolution did not stick but there was a problem that it did not become a negative 
resist ■ - ■ . . '.^ ,• 

[001 3] On the other hand, that for which gamma^ or delta-hydroxycarboxylic acid structure looked at by JP.1 1-10962 7, A used 
changing to gamnia-lactbne or deltaHactonie structure by the acid catalyzed reaction as a method of carrying out pattern formation oiF 
a negative mold by non-swelling is known using the resin which has carboxylic^acid structure^ 

[0014]..-. ' ;''*.--/.•. ■ . ' ^ . V , 

[ProblemCs) to be Solved by the Invention] The 1st purpose of invention is to offer the admiration radiation constituent which can be 
developed without a detailed pattern swelling with an aquosity alkali developer and which was excellent in definition ability, while 
transparencie and dry etching resistance also have the high chemical structure in the far-ultraviolet light field containing the wavelength 
of 193nm of an ArF excimer laser. The 2nd purpose is offering the pattern formation method of the negative riiold which used such an 
admiration radiation constituent. The 3rd purpose is offering the rnanufacture method of a semiconductor device of having used such a 
patterri formation method. ; ; 

[0015]/ \ \. ; - ,, ■ " ' ■ ' ■■ " ' 

[Means for Solving the Problem] In. order to attain the 1st purpose of the above, it is rhade for the admiration radiation constituent of 

this invention to contain the polymer which has the repeat unit shown with a chemical formula (1) at least and an acid generator 

[0016]' ,;^ ■■ ^ -■\ 

■[Formula. 3]- ■ . : > ■ [ ' . * 

■ ■ h 





[0017] Here, in the above-mentioned chemical formula (1), R1 and R2 are a hydrogen atom or a methyl group, x and y are arbitrary 
number's which fill x+y=1, 0< x<=1, and 0<=y<l, respectively, and weight average molecular weight of a polymer is set to 1,000^500,000. 
[001 8] Since the polymer which has the repeat unit shown with the above-mentioned chemical formula (1) does not have the 
unsaturated bond wh^^^ the alicycle group structure where it is known that high dry etching resistance will be acquired; in the side 
chain, and was conjugated two or more pieces, it is transparent in the far-ultraviolet field containing i93nm. THat is, the admiration - 
radiation constituent-pf this invention combines high dry cleaning dirty resistance and the; transparency in the far-ultraviolet fieldi , 
containing 1 93nm; , • ^ ^- ^: • ■ . . ■ ■- '•' ■"... ■"'•; 

[0019] Moreover, since the alcohol which serves as a partner of the esterification of a carboxylic acid exists in delta grade of the * ; » 
carboxylic acid in a molecule, delta-hydroxycarboxylic acid structure which a polymer has of having the repeat unit shown with the 
above-mentioned chernical-formula (1),tends to happen more easily [ the esterification. by the acid catalyzed reaction ] than usual. ' 
Moreover, since a carboxylic acid and a hydroxyl group are contained in the same ring structure, both tend to approach in three V 
dimensions and the esterification tends to happen easily. Therefore, pattern formation is made in high sensitivity. Since this reaction ij 
esterification in a molecule, bridge formation between molecules etc. does not occur but the amount of a carboxylic acid changes, in 
exposure section and the unexposed section simply. Moreover, the generated ester is not understood an added water part .ih the 
tetrapbd alkylammoniufn hydroxide solution usually used, but is stable also among development Therefore, a dissolution rate changes ; 
lot, swelling is avoided, and a good detailed pattern can be formed; . 

[0020] In addition, the acid for starting ah acid catalyzed reaction is realized by using the acid gene riator which generates an acid by 
irradiation of activity radiation. ■ 
[0021] Moreover, the polymer which has the repeat unit the above-mentioned chemical formula (1) (Rl is indicated to be' by hydrogen 
atom or methyl group) is obtained by making into delta-hydroxycarboxylic acid structure all the deltaHactone all [ a part or ] of a 
polymer that has the repeat unit shown with a chemical formula (3) by the adding-^water decomposition reaction. 

[0022] / . ■"../■, ■ . . v; v-' '; ;^^^.^ . ' , , • .^v. ^.' 

[Formula 4] ^ s ''. 's ^ " . • ' . 



[0023] By selecting the reaction condition in this adding-water decomposition reaction, the rate of delta-hydroxycarboxylic acid 
structure in a polymer and delta-lactone structure is arbitrarily controllable,. Consequently, control of the dissolution rate to a 
developer land high sensitivity-ization of a resist are attained. In addition, the rate of delta-hydroxycarboxylic acid structure, in a ■ f 
polymen^should justlbe:beyond'^a rate that becomes meltable to the ^developer which the film formation component Uses. . . 

http://wwvv4.ipdl.jpo go jp/cgi"binAran vveb^cgLejje ' ' ^: ^|Tl^ r^£':k 



[Q024] Chemical formula (4) (R1 can carry out the radical polymerization of the acrylic ester or methac rylic ester the polymer which 
has the repeat unit shown by above-mentioned chemical formula (3) is indicated, to be by hydrogen atom or methyl group), and it can 
.guide ketone structure easily by oxidizing in delta-lactone stmcture by the peracetic acid further, 

[0025] ; • ■ -■■■■v-.-.. v; •••"^-^^'■■■■•;v•;v•^^-' '-'^ y'.^^: : yy v.;/^ -y--' ' Z ^^^ 

[Formula- 5] ■ - ' ; -V ''-v;; ^ ■■ ■'■ .'' y^/yV - ^y t 




[0026] At this time, yqu may use the copolymer which consists of the above-mentioned acrylic ester and a methacrylic ester. It 
becomes controllable [ the dissolution rate to a developer ] by selecting , arbitrarily the rate of the acrylic ester in a copolymer, arid a 
methacrylic ester. The above-mentioned acrylic ester or a methacrylic ester is easily obtained by esterifying an acrylic acid, or a ^ 
methacrylic acid by the androsterone (EPl). . y'/: --^ ■ \' v^/ \ - 

[0027] Moreover, the admiration radiation constituent characterized by the pplymer which combined the alicycle machine unit which 
does not have the conjugated unsaturated bond further also has the above-mentioned polymer very effective in the repeat unit shown 
with a chemical formula (2) as got blocked and shown with a chemical formula (1) in this invention. . 

[0028] ■ ,,\ ' ■ .y'.- ■•y}:\ : - ^ ' 

[Formula 6]-' ■ ' : ■:■. '. / "■■'.'■..:•' ■ ^.^ :^ : ' ;•. ■':].] \. , 




[0029] Here, in the above-mentioned chemical formula (2). R1, R2, and R3 are alicycle group structures without a hydrogen atom or a 
methyl group, and the unsaturated bond that conjugated. R4 at least, x, and y and z are arbitrary numbers which fill x+y+z=l, 0< x<=1. 
0<=y<l, and 0< z<1, respectively, and weight Average molecular weight of a polymer is set tb 1,000-500,000. 

[0030] In the above-mentioned chemical formula (2), as an alicycle machine without the conjugated unsaturated bond which is shown 
by R4, although a cyclohexyl machine, tricycio [5.2.1.0] decyl group, an adamanthyl machine; a norbornyl- machine, beta-^cholestanol 
machine, a cholesterol machine, etc. are mentioned, it is not limited tb these. ^ ' / ' 

[0031] The polymer which has the repeat unit shown with the abbve-^mentipned chemical formula (2) combines high dry cleaning dirty : 
resistance and the transparency In the far-ultraviolet field containing 193nm. Moreover, the esterifi cation tends to happen easily and . : 
:delta-hydroxycarboxylic acid structure which a polymer has of having the repeat unit shown with a chemical formula (2) may be able to 
do pattern formation in high sensitivity. Moreover, since this reaction is esterification in a molecule, bridge formation between 
molecules etc^ does not occur, but sweiling is avoided, and it can form a detailed pattern. Moreover, the generated ester; is not 
understood an added water part in the tetrapod alkylammonium hydroxide solution usually used, but is stable also among development. 
[0032] This polymer is obtained by making into delta-hydroxycarboxylic acid structure ail the delta-lactone all [ a part or] of a polymer 
that has the i-epeat unit shown with a chemical formula (5) by the adding-water decomposi 

10033] - "i-;-; V / v/- > -.v. . •;■ \ '-'yy y-. ':' '•''■ '-r /']': 

[Formula 7]'. ; ; ' • " ; ' ;\ i-i- 




[0034] In axhemical formula (5), R1 and R2 are alicycle group structures without a hydrogen atom or a methyl group, and the 
unsaturated bond that conjugated R4 at least here, and xand y are arbitrary numbers which fill x+y=i ; p< x<1, and .0< y<lv. respectively. 

[0035] The polymer which has the repeat unit shown with the above-mentioned chemical formula (5) copolymerizes thevacrylic ester or. 
■ methacrylic ester shown with the acrylic ester or methacrylic ester shown with the aforementioned chemical forrnuja (4), and a ; 
chemical formula (6), and is obtained by oxidizing by the peracetic acid further.- . 

[003^] ; ".-^'yry-. .'■■/'■/■-y -:^:^'^'.] 



[0037] Here, in the above-mentioned chemical formula (6) R1 is alicycle group structure without a hydrogen atom or a methyl group, 
and the unsaturated bond that conjugated R4 at least 

[0038] The rate of deltaHactone structure in the polymer which has the repeat unit easily shown with a chemical formula (5), and 
alicycle machine structure is arbitrarily controllable by selecting the preparation rate of the monomer which is the raw material of a 
copolymer, and other polymerization conditions, furtherniore, the polymerization which has the repeat unit shown with a chemical ' ^ 
formula (2) by selecting the reaction condition in a adding-water decomposition reaction — It is possible to control arbitrarily the rate 
of delta"-hydroxycarboxylic acid structure in the living body, delta-lactone structure, and alicycle machine structure consequently 
control of the dissolution rate to a developer and higb-sensitivity-izing of a resist are possible — biscoming^- simultaneous bulk — 
isuppression of the swelling by seepage of a developer and diffusion control of an acid can also be performed by introduction of high 
canal alicycle niachine structure In addition, the rate of delta-hydroxycarboxylic acid s;tructure in a polymer should just be beyond a' 
rate that becomes rneltable to the developer which the film formatioh component uses. 

[0039] Moreover, as for the weight average molecular weight of the polymer in the admiration radiation constituent of this invention, 
1 ,00d-500;000 are desirable, and it is 1,000-30.000 more preferably, moreover, the above-mentioned polymer ^ receiving — an acid 
generator — the 0.1 weight sections to ****'s for 50 wei^t sections — desirable ~ **** foi^ 20 weight sections from the 0.5 weight 
sections — things are more desirable 

[0040] As the above-mentioned acid generator, triphenylsulfohium triflate, a triphenylsulfonium nona freight, Onium salts, such as 
dimethylphehyl sulfoniuni trifiate and dimethyl-4-hydr6xy haphthyl triflate, N-trifluoromethane sulfonyloxy naphthyl imide. N-methane ^ 
sulfbnyloxy naphthyl imide, Although a sulfonate etc. is mentioned, sulfonyloxy imide, such as N^rifluororriethane sulfonyloxy SUKUSHI 
imide and N-perfluoro octane sulfonyloxy SUKUSHIIMIDO, and a further It is not limited to these that what is necessary is just what 
generates an acid by irradiation of activity radiation, for example, an ArF excimer laser etc. Moreover, two or more kinds may be 
simultaneously used for these acid generators. 

[0041] Moreover, to the admiration radiation constituent of this invention, you may add, salts, such as basic compounds, such as 2-; 
benzyl pyridine of the sake the improvement in a definition, and on process stability and a preservation stable disposition, 
tripentyiamine, and a triethanolamine, and tetraimethylammonium iodide, chlorination tetrapod pentyl ammonium, an iodation tetraethyl 
phosphonium. As for these basic compounds or a salt, it is desirable to add the 100 weight sections from the 0.01 weight sections to 
the acid generator 1 00 weight section to be used. 

[0042] Moreover, the photosensitive constituent of this invention can be made to contain a hexamethoxy methyl melamine, 1, 3 and 4/ 
:6-tetrakis (methoxymethyl) glucohol URIRU, 1, the 4^dioxahe -2.- 3^di6l, et6. as a cross linking agent in order to raise the.thermaj 
resistance of the formed pattern. These cross linking agents have desirable ****'s for 50 weight sections from the 0.1 weight sections^^.. 
to the film formation component 100 weight section of a photosensitive constituent. - 
[0043] Moreover, the photosensitive constituent of this invention can be made to contain the oligomer which the cholic acid, the abietic ' ' 
acid, the: compound shown with the chemical formula (7) which can be guided from an androsterone (EPI). or the above-mentioned 
compound combined as a low molecular weight compound which has a carbbxylic acid for the soluble control and the improvement in a : 
' definition to a developer. These low molecular weight compounds have 1 weight section to desirable *****s for 50 weight sections to 
the film formation component 100 weight section of a photosensitive constituent. * ' 

[0044]; •.; ■ • v ; " " r''----^-*'-- - /v'C.'; ^ / . .■ 

• [Formulas]" . ' -■. ... .-■ -' ^ ^ ■■" ^ .. ' * ' - . \: .\..- 




[0045] In addition, as a solution, the photosensitive constituent of this invention carries out a rotation application, and is used for a 
'■^ substrate. Under the present circumstances, what solvent is sufficient as long as it is the solvent which the abbye^mentibned : 
constituent can fully dissolve as a solvent to be used, and can form a uniform application film by rotation application. Moreover, even . if : 
independent, you may mix and use two or more kinds. ; 
[0046] In order to attain the 2nd purpose of the above, the method of a pattem^forrriation method of this invention includes the 
process which forms the paint film which consists of one admiration radiation constituent of the above-mentioned publications on. a . . - 
predetermined substrate, the process which irradiate the activity chemical rays of a predetermined pattern at the paint film, the 
process which heat a substrate after irradiation of activity radiation, and the pr'ocess which expose a paint film to an iaikali.ne-vyater 
solution after heating of a substrate, and remove the non-irradiated section of activity radiation. 

[0047] Vacuum^ultraviolet light [ like far-ultraviolet light 250nm or less and ArF excimer laser light ] whose activity radiation used by 
this invention is is mentioned. In addition, an electron ray, EUV, X-rays, etc. can be used. In case the activity radiation-of a pattern ,. 
predetermined by this invention is irradiated, vacuum-ultraviolet light usually like ArF excimer laser light is made into the shape of a 
predetermined pattern through a mask or a reticle. Under the present circumstances, since the pattern of a high definition is obtained 
Vvhen the super resolution technology represented by deformation illumination and the phase shift mask is used, it is desirable. 
[0048] As for the alkali developer used by this invention, it is desirable that it is the tetrapod alkylammonium hydroxide sblutioh of > 
carbon numbers 1-5. ■ " • 

[0049] the etching processing process [ the manufacture method of the semiconductor device of this invention for attaining the 3rd 



i purpose of the above forms a resist pattern by one pattern formation method of the above-mentioned publications on a semiconductc 

' substrate, and / substrate ] based on it — or it is rnade to include the process which drives ion into a substrate 

[0050] As ah etching processing method used by the manufacture rnethod of the semiconductor of this invention, the dry etching . J . 
methods, such as plasma etching, reactive ion etching, and reactant ion beam etching, and the wet etching rnethod are. mentioned. 
[0051] As a substrate processed in the . manufacture method of the semiconductor device of this invention, nitrides, such as oxide film 
such as a silicon-dioxide film formed in front faces, such as single crystal silicon, by GVD or the oxidizing [ thermally ] method and an 
application nature glass membrane, or a silicon nitride film, are mentioned. Moreover, various metal membranes, such as aluminum, and 

/ the alloy, a tungsten, polycrystal silicon, etc/are menti ^ ^ ; ^ 

[0052] Since detailed pattern formation is possible for the element made in the manufacture method of the semiconductor device of 
this invention, especially a memory device, they can raise the degree of integration. Therefore, since an element can be made small, th 

: number of the elements which cian be taken from one wafer increases, and the yield improves. ^ ■ 

~ -..[ooss];". ••■ • " " .• ^^■>^:. ' . ' .-''r ■ ' 

[Embodiments of the Invention] Hereafter, although this invention is further explained to a detail based on an example, this invention is 
not limited to these. In advance of an example, the synthetic example of the material used by this invention is shown first. \^ 

' [0054] (Synthetic example 1) The solution which dissolved synthetic androsterone 5.0g and pyridine 1.5g of a monomer (la) in 

tetrahydrofuran (THF) 2P0ml, and dissolved acrylic-acid chloride 1.6g in this at tetrahydrofuran 30ml was dropped at 0 degree C. After 
dropping, it stirred at the room temperature further for several hours, and the triethytamine hydrochlpride which precipitated vyas . 
carried out the *^ exception. After adding 150mr of ethyl iacetate to this filtrate and rinsing 4 times by lOOml of water, when the organ! 
layer was dried by anhydrous sodium sulfate and the solvent was removed by Lycium chinense under reduced pressure, the residue 
crystallized The white compound monomer (la) which performs recry stall ization from ethanol / tetrahydrofuran mixed solvent, and 
shows this with a chemical formula (8) was obtained. y.:-:-^- 

:.; [0055] • ; . ' ''r -/ . ' - V - ..r ■ ' ■ ■'■;■/"■; . ' ^ ■ y'/^''' ' 
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[0056] (Synthetic example 2) Monomer (la) 4.0g obtained in the example 1 of synthetic composition of a polymer (2c-l) was dissolved 
in THF40ml, 2 and 2'-azobis (ispbutyrohitrile) 0.1 9g was added as a reaction initiator, heating reflux was carried but at 70 degrees G, 
and the polymerization was performed for 6 hours; n-hexane 500ml was filled vyith the solgtion. after the polyrnerizationi polymer was 
deposited, and the polymer (2a) which dries this and is shown with a chemical formula (9) was obtained. 

. •■ [0057]^-. :. ' . ' ■ ' _ • . ■ ^■. ••■ ,^ ^ . ' ^r-". ■ ■ - '. 
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[0058] .When the jgel permeation chromatography. (CP 0) investigated the molecular weight of polystyrene conversion of this polymer in 
the tetrahydrofuran, weight average molecular weight was 2,800 and. number average molecular weight was 2,300. 
[0059] Polymer (2a) 3.0g compounded as mentioned above was dissolved in tetrahydrofuran 100ml, 100ml of acetic acids and 50ml of 
,: hydrogen peroxide solution were added there, and it agitated at 50 degrees C for several hours. After the reaction, reduced pressure 
distilling off was carried out, the solvent was reduced, and it poured into 500ml water. Precipitate was dried the ** exception and the 
polymer (2b) which has deltaHactone structure given with a chemical formula (10) was obtained. ^ ' ^ ^ 

■ .,-[0060] . ' V ''v ' . ' : ' ' ; V * ' 
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[0061] Polymer (2b) 2,5g compounded as migntioned iabove was dissolved in tetrahydrofuran 1 00ml, 1 50ml of 0.5-N sodium^hydroxide 



and the organic layer was dried by anhydrous sodium sulfate. After that reduced pressure distilling off was carried but, the solvent was 
reduced, it flowed into h-hexane SOOmi, polymer was deposited, this was dried, and white powdered polymer (2c-l) waS; obtained. The, 
structure of the obtained polymer was understood that the structure of a chemical formula (11) is main by various analysis methods. 

[0062],' ' / ^j. \-';:r , '-'.■y.r.'.yi:'^:'''\:'-:\--^ y • ^- v-v;''/. 
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[0063] The obtained polymer (2c~1) 100 weight section was dissolved in the l-methoxy-2-propahol 1000 weight section, and it filtered 
with the filter of 0.2 micrometers of apertures. The rotation application of it was carried but oh the silicon substrate, and the thin film 
was obtained [ 1 00 degrees C ][ for 2 minutes ] 

[0064] When the above-mentioned application film (300nm) was dipped in tetramethylammonium hydroxide solution (0.113 % of the . 
weight of concentration), while the interference color changed, it melted in 5 seconds, and the residual membrane was set to 0. 
moreover, the absorption spectrum of the film which applied the above-mentioned sblutioh on the lithium fluoride substrate — a ■ 
vacuum ultraviolet — a spectrum — when measured with equipment (product made fi^om ARC), the absorbance to far-ultraviolet light 
with a wavelength of 193nm is 0.25 in 1.0 micrometers of thickness, and it turns out that absorption is small 

[0065] (Synthetic example 3) 2.5g (2b) of polymers which have delta-lactone structure compounded in the example 2 of synthetic ^ 
composition of a polymer (2c-2) was dissolved in tetrahydrofuran 100ml, and the adding-water decomposition reaction was performed 
by the reaction condition (sodium-^hydroxide solution concentration was set to 0.2 Ns, and churning time was set as for 15 minutes) 
quieter than the adding-water decomposition f-eaction in the synthetic examplie 2. Hydrochloric-acid solution was gradually added to it, • 
arid it was made the acescence. It extracted by having added about 150ml of ethyl acetate to this splution, and 100ml water, washed . 
twice the organic layer obtained twice: The organic layer was dried by anhydrous sodium sulfate after washing, after that, reduced 
pressure distilling off was carried out, the solvent was reduced, it flowed into n~hexane 300ml. polymer was deposited, this was dried, 
and white powdered polymer (2c-2) was obtained, an analysis method various in the obtained polymer a polymer (2c~l) — ^ a 
polymerization — it turns out that there are few rates of delta-hydrbxycarboxylic acid structure in the living body, and the structure of 
a chemical formula (12) is main - • - . 

[0066]: ' ". : : ..^ , ^ •.v^ ■ '/-\:\'-yr\-^ 
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[0067] The obtained polymer (2c-2) 100 weight section was dissolved in the 1 -rnethoxy-^2^propanol 1000 weight section, and it filtered 
with the filter of 0.2 microrneters of iapertures. The rotation application of it was carried out at the silicon substrate, and the thin film 
was obtained; [ 100 degrees C ] [ for 2 minutes ] 

. [0068] When the film (300nm) applied on the silicon substrate was dipped in tetramethylammonium hydroxide solution (0.1 13 % of the 
weight of concentration), while the interference color changed, it melted in 15 seconds and the residual membrane was set to 0. 
moreover, the absorption spectrum of the film which applied the above-mentioned solution on the lithium fluoride substrate -- a 
vacuum ultraviolet — a spectirtim wheh measured with equipment, the absorbance to far-ultraviolet light with a wavelength of • 
1 93rim is 0.25 in 1 .0 micrometers of thickness, and it turns out that absorption is small ; 
[0069] (Synthetic example 4) The solution which dissolved synthetic androsterone 5.0g and pyridine 1.5g of a monomer (3a) in 
tetrahydrofuran 200ml. and dissolved 1.7g of methacrylic acid chlorides in this at tetrahydrofuran 30ml was dropped at 0 degree C. 
After dropping, it stirred at the room temperature further for several hours, and the hydrochloride of a triethylamine which precipitated 
was carried out the ** exception. After adding 150ml of ethyl iacetate to filtrate and rinsing 4. times by 100ml of water, when the 
organic layer was dried by anhydrous sodium sulfate and the solvent was removed by Lycium chinense under reduced pressure, the . . 
residue crystallized. The white compound (3a) ih which recrystallization is performed from ethanol / tetrahydrofuran mixed solvent, and 
this is shown with a chemical formula (13) was obtained. 
[0070] 

[Formula 15] . • * . . • , . . - 
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[0071] (Synthetic example 5) Monomer (3a) 4.0g obtained in the example 4 of synthetic composition of a polymer (4c) was dissolved In 
tHF40mj, 2 and Z-azobis (isobutyronitrile) 0.1 8g was added as a reaction initiator, heating reflux was carried out at 70 degrees C, and 
the polymerization. was performed for 6 hours. After the poly merizatipn, n-hexane 500ml was filled with the solution, polymer was : 
deposited: and the polymer (4a) which dries this and is shown with a 

[0072] - ^ . ■ ■^'L'T-:^--^'"-^ ^'.--'^''-^ z.^'- 



[0073] When the gel permeation chromatography investigated the nrjolecular weight p polystyrene conversion of this polymer in the 
tetrahydl'ofuran. weight average molecular weight was 26,000 and number average molecular weight was 20,000. 
[0074] Like the synthetic example 2, oxidization according the polymer (4a) compounded as mentioned above to a peracetic acid wais 
performed, and the polymer (4b) which .has deltaHactone structure shown, with a chemical formula (15) was obtained. 



. [Formula 17] 

ibg^Sds) 




[0076] The polymer (4b) compounded as mentioned above was hydrolyzed by sodium-^hydrdxide solution like the synthetic example 2, . 
and the polymer (4c) which has delta-hydroxycarboxylic acid was obtained. The structure of the obtained polymer was understood that 
the structure of a chemical formula (16) is main from various; analysis methods. : ' 

'[0077] • - -■ r / ■' -.-iv v "v.;,^■'/■^v.•■■■■ ' '^•■'■i- - ■^--■'V^ "V. ' ■ 
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[0078] The obtained polymer (4c) 100 weight section was dissolved in the 1 -methoxy-2-propanol1 000 weight section, and it filtered 
with the filter of 0.2 micrometers of apertures. The rotation application of it was carried out on the silicon substrate, and the thin film 
. was obtained [ 100 degrees C ] [ for 2 minutes ] When the application film (3P0nm) was dipped in tetramethylammonium hydroxide 
solution (0.397 % of the vyeight of concentration), while the interference color changed, it melted in 5 seconds and the residual 
mernbrane was set to 0. When the above-mentioned solution was applied on the lithium fluoride substrate and the absorption spe,ct rum 
of an application film was .measured with vacuum purple exterior division light equipment, the absorbance of 193nm is 0.25 in 1,0 
microrneters of thickness, and it turns out that absorption is smaH.^^^^ . ... ^ : 

[0079] (Synthjetic example 6) Monomer (la) S.Og obtained in the example 1 of synthetic composition of a copolymer (5c) and monomer 
ISa) 3.1 g obtained in the synthetic example 4 were dissolved in THF50ml. 2 and 2 — azobis (ispbutyronitrile) 0.29g was added as a • 
reaction initiator, heating reflux vyas carried out at 70 degrees C, and the polymerization was performed for 6 hours, n-hexane 500rnl 
uwsi<: filUH wifh th*» <inliitinn aftftr thft nr^lvmeri^ation nolvmer was deoosited. and the coDolvmer (5a) which dries this and is shown with i 
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[0081] When the ge! pemicatibn chromatography investigated the molecular weight of polystyrene conversion of this polymer in th 
tetrahydrofuran, weight average molecular weight was 4,900 and number average molecular weight was 3,800. 

[0082] Like the synthetic example 2, oxidization according the polymer (5a) compounded as mentioned above to a peracetic acid was 
performed, and the polymer (5b) which has deltaHactone structure shown with a chemical formula (18) was obtained. 
[0083] . . ■ - : . ."^ - -■ - ^ ■^./^ ■ . ' ' 
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[0084] The polymer (5b) compounded as mentioned above was hydrolyzed by sodium-hydroxide solution like the synthetic example 2, ' 
and the polymer (5c) which has delta-hydro xycarboxy lie acid was obtained. The structure of the obtained polymer was understood that 
the structure of a chemical iFormula (19) is main from various analysis methods; 

[0085] ■• ■ \-' ' ; .;" „ . ■ ' ■ V V ' V v-^ ^ ^ 
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[0086] The obtained polymer (5c) 100 weight section was dissolved in the i-methoxy-^-propahol 1000 weight section, and it filtered 
with the filter of 0.2 micrometers of apertures. The rotation application of it was carried out on the silicon substrate, and the thin film / 
was obtained. [ 100 degrees C ] [ for 2 minutes ] When the application film (300nm) was dipped in tetramethylammonium hydroxide . 
solution (0.1 13 % of the weight of concentration), while the interference color changed, it melted in 1 5 seconds, and the residual 
membrane was set to 0, the absorption spectrum of the film which applied the above-mentioned solution on the lithium fluoride 
substrate — a vacuum ultraviolet — a spectrum — when measured with equiprtiisint, the absorbahce of 193nm is 0.25 in 1.0 / 
micrometers of thickness, and it turns out that absorption is small 

[0087] (Synthetic example 7) The solution which dissolved synthetic beta-cholestanol 5.0g of a monomer (6a) and pyridine 1.2g in 
tetrahydrofuran 200ml, and dissolved acrylic-acid chloride 1.3g in this at tetrahydrofuran 30ml was dropped at 0 degree C. After 
dropping, it stirred at the room tiemperature further for several hours, and the hydrochloride of a triethylaniine which precipitated was 
carried out the ** exception. 150ml of ethyl acetate was added to this filtrate, and it rinsed 4 times by 100ml of water, and the residue 
was crystallized, when the solvent was removed under reduced pressure, after drying an organic layer by anhydrous sodium sulfate. The 
white compound (6a) in which recrystallization is performed from ethahol / tetrahydrofuran mixed solvent, and this is shown with a 
chemical formula (20) was obtained. - . \ . ' . ' 

[0088] ■■■■ ; "■" ' -.: . ^''■^v;;.'^. - ■■-■'^'v 
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[0089] (Synthetic example 8) Monomer (la) 3.0g obtained in the example 1 of synthetic composition of a copolymer (7c) and mpnomer ; 
(6a) 1.7g obtained in the synthetic example 7 were dissolved in THFSOmI, 2 and 2*-azobis (isobutyronitrile) 0.2g was added as a reaction 

initiator, heating reflux was carried out at 70 degrees C, and the polymerization was performed for 6 hours, n-hexane 5ppml was filled 
with the solution after the polymerization, and polymer was deposited, it dried, and the copolymer (7a) of a chernical formula (21) was 

obtained..;- ' \. ■ ■ • ■ . ^' ■. / " 
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[0091] When the gel permeation chromatography investigated the molecular weight of polystyrene conversion of this polymer in the 
tetrahydrofuran, weight average molecular weight was 3,000 and number average molecular weight 2,500. 

[0092] Like the synthetic example 2, oxidization according the polymer (7a) compounded as mentioned above, to a peracetic acid was 
performed, and the jjolymer (7b) vyhich has deltaHactpne structure shown with a chemical formula (22) was obtained 

■[0093]- \-v /-^.'-V'^ : ^ [■^''' ■/•^-'.-v^ ^ ' 
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[0094] The polymer (7b) compounded as mentioned above was hydrolyzed by sodium-hydroxide sdlutjon like the synthetiq example 2, 
and the polymer (7c) which has delta-hydroxycarboxylic ^cid was obtained. The structure of the obtained polymer was understood that 
the structure shown wi^i a chemical formula (23) from various analysis methods 

[0095] ' - .;" ' \ ■ ■'/■"-.^v' : '■[:.' :'■'■[■'■■'■',.■ ■. 
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[0096] The obtained polymer (7c) 100 weight section was dissolved in the l~methoxy-2-propanol 1000 weight section, and it filtered . 
with the filter of 0.2 micrometers of apertures. The rotation application of it was carried out on the silicon substrate, and the thin film , 
was obtained. [ 100 degrees C ] [ for 2 minutes ] When the application film (300nm) was dipped in tetr^methylammonium hydroxide; 
solution (0.1 1 3 % of the weight of concentration), while the interference color changed, it melted in 1 5 seconds, and the residual 
membrane was set to 0. moreover, the absorption spectrum of the film which applied the above-mentioned solution on the lithium . ' . 
fluoride substrate — a vacuum ultraviolet ~ a spectrum . — ^ as a result, of measuring with equipment, an absorb a nee. with a yvavelehgth : 



^ ^. ^..^ .vTw Miwic;\/ufcii wcigriL ^^ufnpuunu voay wnicn nas aeita- . / ; v , 

hydroxycarboxylic acid was dissolved in lOOml of acetic acids, 50ml of hydrogen peroxide solution was added there, and it stirred at 50 
degrees C for several hburs. After the reaction, reduced pressure distilling off was carried out, the solvent was reduced, 50ml of O.HN 
sodium-hydroxide solution and tetrahydrofuran 5mi were added, and heating reflux was carried out for 4 hours. Hydrochloric-acid 
solution was gradually added to it, and it wias made weak-^acid nature. It extracted by having added about 150mi of ethyl acetate to this 
solution, and lOOmI water washed twice the organic layer obtained twice. The organic layer was dried by anhydrous sodium sulfate after 
washing, reduced pressure distilling off of the solvent was carried out after that, and 4g (8a) of white compounds was obtained. It turns 
out that the structure of the obtained compound is the structure shown in the aforem ntioned chemical formula (7) froin various 
analysis methods. 

[0098] Next, this invention is described in more detail using the example using the compound which carried out [ above-mentioned ] 
-. ./composition. ; =' '■, ' ■/ ■ 

[0099] (Example 1) The polymer {2c-l) 100 weight section compounded in the synthetic example 2. the acid generator \ 
triphenylsulfonium triflate 1 weight section, and the 2-benzyl pyridine 0.01 weight section were dissolved in the 1-methoxy-2-propanol 
1000 weigjit section, and it filtered using the fluororesin filter of 0.2 micrometers of apert^ 

[OtOO] On the silicon substrate processed by the hexamethyldisilazane, the rotation application of the above-mentioned resist solution 
was Cjahied out. and the resist film of 0.3 micrometers of thickness was gener'ated. [ 100 degrees C ] [ for 2 minutes ] When the 
abisorption sjaectrum of this film was measured by the spectrophotometei^ for ultraviolet arid visible region, permeability With a 
wavelength of 1 93nm was 70%. 

[0101] Using the ArF excimer laser stepper/ this resist film was exposed through the Levenson type phase shift mask, and BEKU after 
exposure for 2 minutes was performed at 100 degrees C. When the resist film was immersed in 23-degree C tetramethylammonium 
hydroxide solution (0.113 % of the weight), the membranous unexposed section was dissolved in 7 seconds. Then, development was 
performed for [ of the time of the double precision ] 14 seconds, then the rinse was carried out with pure water for 30 seconds. 
[0102] Consequently, 0. 1 2-micrometer line and the space pattern of a negative mold were obtained by 10 mJ/cm2. Under the present 
circumstances, the swelling of a pattern was not seen. In addition, it turns out that a pattern dissolves the substrate which the 
obtained pattern attached in an instant-when immersed in a tetrahydrofuran, and bridge formation has not occurred. 
[0103] Moreover, exposure of a line and a space pattern was performed to this resist using electron-beamHithography equipment of 
50kV of acceleration voltage. When after [ exposure ] BEKU and development used the same conditions as ArF excimer laser exposure, 
it is light exposure C/cm2 of 7micro, and 0.1 2-micrometer line and the space pattern of a negative mold were obtained. Under the 
present circumstances, the swelling of a pattern was not seen, • 

[0104} Moreover, even if it saves this resist solution for seven days at a roonri temperature (23 degrees C), there is no change in - 
sensitivity and resolution, and it wias understood that preservation stability is good. 

[0105] About^the above-mentioned resist film, it etched by the parallel monotonous type reactive ion etching system using CHF3 gas. 
CHF3 flow-rate 35sccm, gas pressure lOmTorr, and RF bias power 15C)W were used for conditions. Consequently, when a commercial 
novolak resin was set to 1.0, the dirty rate of this resist is 1.2 and was understood that dry etching resistance is high. 
[0106] (Example 2) Instead of the polymer (2c-1) .used in the example 1, the 100 weight sections, the acid generator triphenylsulfonium 
nona freight 1 weight seCtibn, and the iodatiqn tetramethylammonium 0.01 weight siection were dissolved iri the cyclohexanone 1000 
weight section, and the polymer (2c-2) conripounded in the synthetic example 3 was filtered using the flUororesin filter of 0.2 \ 
micrometers of apertures. ' - - - - . , . 

[0107] Like the example 1. on the silicon substrate processed by the hexamethyldisilazane. the rotation application of the above- 
mentioned resist solution was carried put, and the resist film of 0.3 micrometers of thickness was generated. [ 100 degrees C ] [ for 2. 
minutes ] When the absorption spectrum of this film was measured by the spectrophotometer for^ ultraviolet and visible region, the .• 
permeab^lity in 193nm was 70%:: • \- 

[0108] It exppsed by the Arp excimer laser stepper through the phase shift mask like the example 1. and BEKU after exposure was 
performed for 2 mihutes at 100 degrees C after that. When the resist film was immersed in 23^degree G tetramethylammonium 
hydroxide solution (0.113 %. of the weight), the membranous unexposed section was dissolved in 18 isecohds. Then, development was 
peif ormed for [ of the time of the double precision ] 36 seconds, then the rinse was carried out with pure Wiater for 30 seconds.. 
Consequently, 0.1 2-micrometer line and the space pattern of a negative mold were pbtaihed by 5 mJ/cm2. Under the present / 
. circumstances, the swelling of a pattern was not seen. 
[0109] About the further above-mentioned resist film, it etched on condition that the example 1 . Consequently, when the etching fate 
of the paint film of a commercial hovolak resin vyas set to 1.0, the etching fate of this resist is 1.20 and was understood that dry / 
etching resistance is high. ■ • : 

[01 10] (Example 3) Instead of the polymer (20-1) used in the example 1, the 100 weight sections, acid generator NH:rifluorofnethane 
. sulfonyloxy haphthyl imide 1 weight section. 1, 3 and 4, and 6-tetrakis (methoxymethyl) glucohol URIRU 1 0 weight section was dissolved 
in the diacetone alcohol 1000 weight section, and the polymer (4c) compounded in the synthetic example 5 was filtered using the 

: fluororesin filter of 0.2 micrometers of apertures. 

[0111] Like the example 1, on the silicon substrate processed by the hexamethyldisilazane, the rotation application of the above^ 
. mentioned resist solution was carried out, and the resist filrri of 0.3 micrometers of thickness was generated. [ TOO degrees C ] [ for 2 
minutes ] When the absorption spectrurh of this film was measured by the spectrophotometer for ultraviolet and visible region, the 

: permeability of 1 93nm was 74%. ' 

[01 12] It exposed by the ArF excimer laser stepper through the phase shift mask like the example 1, and BEKU after exposure was 
performed for 2 minutes at 100 degrees C after that. When the resist film was immersed in 23-degree C tetramethylammonium 
hydroxide solution (0.397 % of the weight), the membranous unexposed section was dissolved in 7 seconds. Then, development was 

- performed for [ of the time of the double precision ] 14 seconds, then the rinse was carried out with pure water for 30 seconds. 
Consequently, 0.12-rnicrometer line and the space pattern of a negative mold were obtained by 10 mJ/cm2. Under the present ^ 
circumstances, the swelling of a pattern was not seen. 
. [0113] (Example 4) The compound (8a) 10 weight section which compounded the polymer (5c) compounded in the synthetic example 6 . 
. instead of the oolymer (2c-^i) used in the example 1 in the 100 weight sections, the acid generator dimethylohehyl sulfonium triflate 3 
weight section, and the synthetic example 9 was dissolved in the 1-methoxy-2-propanol 1000 weight section, and it filtered using the 
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nudroresin filter of 0.2 micrometers of apertures. ; ' ; / , ; S . 

.[0114] Like the example 1, on the silieon substrate processed by the hexamethyldisilazane, the rotation application of the above- . 
mentioned resist solution was canied put, and the resist film of 0.3 micrometers, of thickness was jgenerated. [ 1 00 degrees C ] [ for 2 > 
minutes ] When the absorption spectrum of this film was measured by the spectrophotometer for ultraviolet. and visible region; the ' 
permeability of 1 93nm was 73%. . , - . / v -^'y'^^'-''- 

[0115] It exposed by the ArF excimer laser stepper throCigh the phase shift mask like the example 1, and BEKU after exposure was 
performed for 2 minutes at .100 degrees C after that When the resist film was immersed in 23^degree C tetramethylammohium 
hydroxide solution (0.1 13 % of the weight), the membranous unexposed section was dissolved in 18 seconds. Then, development was 
performed for [ of the time of the double precision ] 36 seconds, then the rinse was carried out with pure water for 30 seconds. As a 
result, 0.12-micrometer line and the space pattern of a negative mold were obtained by 10 mJ/cm2. Under the present circumstances, 
the swelling of a pattern was not seen. : 

[01.16] (Example 5) Instead of the polymer (2c~1) used in the example 1, the 100 weight sections, the acid generator tripheny Is ulfonium \ : 
triflate 3 weight section, and the 2-benzyl pyridine 0.01 weight section were dissolved in the 1 --methoxy-2-propanQl 1000 weight ^ 
section, and the polymer (7c) compounded in the synthetic example 8 was filtered liising the fluorpresiri filter of 0.2 micr-ometers of 

.;. apertures.'/ ■"' :^ ^' -. . ' . . v.v. 

[01 17] Like the example 1, on the silicon substrate processed by the hexamethyldisilazane, the rotation application of the above-- 

. mentioned resist solution was carried out, and the resist film of 0.3 micrometers of thickness was generated. [ 100 degrees C ] [ for 2 
minutes ] When the absorption spectrum of this film was measured by the spectrophotometer for ultraviolet and visible region, the 
permeability of 1 93nm was 70%. ^ 
[01 18] It exposed by the ArF excimer laser stepper through the phase shift mask like the example 1, and BEKU after exposure was 
jaerformed for 2 minutes at 100 degrees C after that. When the resist film was immersed in 23-degree C tetramethylammoniurti 
hydroxide solution (0.113 % of the weight), the membranous unexposed section was dissolved in 1 7 seconds. Then, development was/ » 
performed for [ of the time of the double precision ] 34 seconds, and the rinse was continuously carried out with pure water for 30 
seconds. Consequently, b.12-micrometer line and the space pattern of a negative mold were obtained by 5 mJ/cm2. Under the present 
circumstances, the swelling of a patterri was not seen:^ ^ 

[0119] About the further above-mentiohed resist film, it etched by the parallel monotonous type reactive ion etching system using 
CHF3 gas. CHF3 flow-rate 35sccm, gas pressure lOmTorr, and RF bias power 150W were used for conditions. Consequently, when a : 
commercial novolak resin was set to 1.0, the dirty rate of this resist is 1.15 and was understood that dry etching resistance is high. 
[0120] (Example 6) The cross section of a well-known MOS (metal-oxide semiconductor) type transistor iis shown in draw ing 1 . 
drawing ~ setting — r 11 — ■ a substrate and 12 ^ a field oxide film and 13 — for pplycrystal silicon and 16, as for a drain electrode and ' 
18, a source electrode and 17 are [ source contact and 14 / drain contact and 15/ a gate electrode and 19 ] protective coats This 
transistor has structure which controls the drain current which flows between the source electrode 1 6 and the drain electrode 1 7. by 
voltage impressed to the gate electrode 1 8. 

[0121] Although the process which makes such structure consists of a process more than ten, if they are roughly divided, a group 
division can be carried out three, the process to field oxide-^ilm formation, the process to gate formation, and a final process. Here, the 
process which forms a resist pattern on a silicon nitride filrn is included in the process ( draw ing 2 ) to the first field pxide-filnh^ 
formation. This field oxide-film formation was carried out like the following examples, and was performed. ' ■ : 

[01 22] By the well-known method, the 50nrn oxide film 22 is formed on p type silicon wafer 21 like drawing 2 (a), the 200nm silicon 
nitride film 23 is formed by plasma CVD on it. and it considers as a substrate. _ ^ 

[0123] The resist piattern 24 of 0.50-micrometer line is formed in this substrate by the material and the method which were shown in 
the example 1 ( drayying 2 (b)). After **********ing a silicon nitride film 23 by the well-known method by using this resist pattern 24 as, 
a mask ( drawing 2 (c)), this resist 24 is again used as a mask, and the ion implantation of the boron for a channel stopper is performed. 
The 1.2-micrometer field oxide film 25 is formed iri an isolation field after exfoliating a resist 24 ( drawing 2 (d)) by the selective . 
oxidation which uses a silicon nitride film 23 as a mask ( drawin^^^^ (e)). : 
[0124] Then, the gate formation process and the final process were performed according to the well-known method. The gate is . - ^ : = . 
oxidized after etching a silicon nitride film 23. and polycrysta! silicon 26 is grown up ( drayying 2 (f)). The resist pattern 27 of 0.15- 
micrometer line is formed in this substrate using the method of the pattern formation method shown in the example 1 ( d rawin g 2 (g)). 
Polycrystal silicon 26 is etched by the welj-known niethod by using this resist pattern 27 as a mask, and the gate 28 is formed 7 
C idl'iawjllg,? (h)); , : ■ < 

[0125] Although the following processes omit illustration, they ********** the source and an oxide film with a thin drain, subsequently/ ^ 
to the polycrystal silicon gate, the source, and a drain diffuse an arsenic, and forrn an oxide film in the polycrystal silicon gate, the 
source, and a drain field: Opening of the contact for the aluminum wiring to the gate, the source, and a drain is carried out, the vacuum 
plating of aluminium and patterning are performed, a protective coat is. formed further, and opening of the pad for bonding is carried out. ; 
Thus, a MOS transistor like drawing^X 

[0126] Although the formation method of a field oxide film was described about the MOS transistor especially here, not restricting to 
this cian apply this invention to the manufacture method of other semiconductor devices needless to say, and a process. 
[0127] <Example 7> The semiconductor memory element vyas produced using the pattern forrnation method shoyvn in the examples i-5 ; - 
. of this invention. Drayying 3 is the cross section showing the main processes of element manufacture. ■ \ :: 
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DESCRIF>T10N OF DRAWINGS : . ^ . A J 

[Brief Description of the Drawings] ' ; 

[Qiayy^ioS U The cross section of an MOS (metal-oxide semiconductor) type transistor. 

[Drawin g 2] The cross section showing the formation process of the field oxide film and the silicon gate using the pattern formation 
method of this invention. - ^ 

CPr?wLQ6-3] cross section showing the maniifacturing process of the senmiconductor memory element using the pattern formation 
method of this invention. / 

[Drayyingj4l The plan showing pattern arrangement of the memory section which constitutes a memory device. 
[Description of Notations] ' \- * 

11 [ — Source contact, 14 Drain contact, ] A substrate, 12 — A field oxide film, 13 15 [ — A drain electrode, )S / ^ Gate 
electrode, ] — Polycrystal silicon, 16 ~ A source electrode, 1 7 1 9 [ — A resist pattern. 25 / — Field oxide film, ] — A protective 
coat, 22 — An oxide film, 24 26 [ — Polycrystal silicon gate, ] — A polycrystal silicon film, 27 — A resist pattern, 28 31 [ — Word 
line, ] — A P type Si semiconductor substrate, 32 — An isolation field, 33 34 — side spacer, a 35 — n diffusion layer, and 36 — the 
data tine, 38 — accumulation electrode, the insulator layer for 39 ^- capacitors, and 40 — - a plate electrode, 41 • — wiring, 42 — word 
line, and 43 — the data line, a 44 — active field, and 46 — electrode Section — ^ a hole 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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[Draiwing 3] 
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